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7KHWUHDWPHQWRIWKHDQFKRUDJHRIWKHWDQNLVWKHVDPHLUUHVSHFWLYHRIZKHWKHUWKHWDQNLVFORVHGRURSHQDOEHLWWKH
ZHLJKWRIWKHURRIDQGLWVVXSSRUWLQJFRPSRQHQWVDUHQDWXUDOO\FRQVLGHUHGWRKHOSUHVLVWRYHUWXUQLQJ7KHIRUPXODHWR
GHULYHWKHPD[LPXPWHQVLRQLQWKHDQFKRUEROWVDUHVLPSOH)LUVWWKH\DVVXPHWKHPDJQLWXGHRIWKHWHQVLOHORDGLQWKH
DQFKRUEROWLVGLUHFWO\SURSRUWLRQDOWRLWVGLVWDQFHIURPWKHFHQWUHRIWKHWDQNDQGVHFRQGWKDWWKHWDQNLVULJLG,QWKH
FDVHRIFORVHGWDQNV WKLVDVVXPSWLRQ LV UHDVRQDEO\YDOLGDV WKHURRI W\SLFDOO\KROGV WKH WRSRI WKH WDQNURXQGDQG
SHUPLWV WKHHIILFLHQW WUDQVIHURIZLQGVKHDUORDGVHYHQO\DURXQGWKHFLUFXPIHUHQFH,QWKHFDVHRIRSHQWDQNV WKLV
DVVXPSWLRQLVQRWQHFHVVDULO\YDOLG
$VPHQWLRQHGWKHIRUPXODHWRGHULYHWKHVL]HRIWKHZLQGJLUGHUGRQRWFRQVLGHUWKHULJLGLW\PRPHQWRILQHUWLDRI
WKHVHFWLRQDQGLWVFDSDFLW\WRPDLQWDLQWKHWRSRIWKHWDQNLQDURXQGFRQILJXUDWLRQ0RUHVSHFLILFDOO\WKHFDSDFLW\RI
WKH WDQN VKHOO DQGZLQG JLUGHU WR WUDQVPLW ZLQG VKHDU ORDGV HYHQO\ DURXQG WKH FLUFXPIHUHQFH RI WKH WDQN LV QRW
FRQVLGHUHGDQGQRULVWKHUHVLVWDQFHWRRYDOOLQJDQGLWVHIIHFWRQWKHORQJLWXGLQDOWHQVLOHVWUHVVHVLQWKHVKHOO7KLVLV
YLWDOLQYDOLGDWLQJWKHDVVXPSWLRQXVHGWRGHULYHWKHPD[LPXPXSOLIWORDGVRQWKHDQFKRUEROWVDQGLVWKHPDLQWRSLF
RIGLVFXVVLRQLQWKLVSDSHU
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ILOOHGZLWKZDWHU
2.1. Wind Loads 
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WKHZRUVWFDVHZLQGFRQGLWLRQV LQ$XVWUDOLDZLWKDQRPLQDO UHJLRQDOZLQGVSHHGRINPKFDOFXODWHGXVLQJDQ
DOORZDEOHVWUHVVGHVLJQEDVLV7RDOLJQZLWKWKHGHVLJQFRGHVXVHG>@>@DQDHURG\QDPLFVKDSHIDFWRURI&I ZDV
DGRSWHG7KLVLVVOLJKWO\OHVVWKDQWKHYDOXHSUHVFULEHGE\WKH$XVWUDOLDQGHVLJQFRGHDOWKRXJKIRUWKHSXUSRVHVRI
WKLVLQYHVWLJDWLRQLWZDVGHHPHGQHFHVVDU\WRHQVXUHWKDWWKHZLQGORDGVZHUHGHULYHGXVLQJWKHVDPHEDVLVDVWKRVH
XVHGE\WKHGHVLJQFRGHV
2.2. Wind Girder 
7KHZLQGJLUGHUVHOHFWHGDGRSWHGDVLPLODUVKDSHWRWKDWVKRZQLQ)LJPRGLILHGIURP)LJHIURP>@
7KHGLPHQVLRQ³E´ZDVDOWHUHGLQHDFKFDVHWRSURYLGHWKHVHFWLRQPRGXOXVUHTXLUHGSHUERWKGHVLJQFRGHV7DEOH
VXPPDUL]HVWKHGHWDLOVRIERWKWDQNVZLWKUHVSHFWWRGHVLJQZLQGVSHHGDQGSUHVVXUHDWWKHWRSRIWKHWDQNDQGWKH
VHFWLRQPRGXOXVRIWKHZLQGJLUGHUSHUERWKGHVLJQFRGHV1RWDEO\WKHZLQGJLUGHUSUHVFULEHGE\$::$LVJUHDWHU
LQVL]HDQGWKLVLVGLVFXVVHGODWHU
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2.3. Anchorage 
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YZDVXVHG)LJVKRZVWKHJHRPHWU\RIWKHPRGHOIRUWKHPKLJKWDQN7KHPRGHOLQFOXGHGDFRQFUHWHULQJ
ZDOORIDUELWUDU\GHSWKWRVLPXODWHWKHDFWXDOUHVSRQVHRIWKHWDQNWRRYHUWXUQLQJORDGVRQWKHFRPSUHVVLRQVLGHRIWKH
UHDFWLRQ7KHFRQWDFWUHJLRQGHILQHGWRVLPXODWHWKLVUHVSRQVHLVVKRZQLQ)LJ7KHWZRVXUIDFHVZHUHQRWSHUPLWWHG
WRLQWHUVHFWKRZHYHUVOLGLQJZLWKDIULFWLRQFRHIILFLHQWRIZDVSHUPLWWHG
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ZDVFRXSOHGWRWKHWDQNDWWKHHGJHRIWKHKROGGRZQULQJWRSUHYHQWUHOHYDQWODWHUDOGLVSODFHPHQWEHWZHHQWKHWZR
SRLQWV,QDGGLWLRQDFRQVWUDLQWZDVDSSOLHGWKDWSUHYHQWHGYHUWLFDOGLVSODFHPHQWRIWKHWDQNXSZDUGVUHODWLYHWRWKH
WRSRIWKHDQFKRUEROW7KHDQFKRUEROWVZHUHDVVLJQHGDQRPLQDOGLDPHWHURIPP

&RQWDFWDUHD
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)RUHDFKRIWKHWDQNPRGHOVJUHDWHUWKDQPLQKHLJKWLQWHUPHGLDWHVWLIIHQHUVZHUHLQFOXGHGDVSHUWKHUHODWLYH
GHVLJQFRGHVXVHG,QDGGLWLRQWRWKHWKHRUHWLFDOWDQNPRGHOVFRQVLGHUHGYDULDWLRQVRIWKHPKLJKWDQNPRGHOZHUH
DOVRGHYHORSHGWRDVVHVVWKHLQIOXHQFHRIWKHZLQGJLUGHUVHFWLRQPRGXOXV,QHDFKRIWKHVHPRGHOVWKHVHFWLRQPRGXOXV
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RIWKHZLQGJLUGHUZDVLQFUHDVHGWRUHSUHVHQWDQGWLPHVWKHSUHVFULEHGPRGXOXVIURP$3,$OORWKHU
SDUDPHWHUVZHUHNHSWFRQVWDQW
5HVXOWV
7DEOH  VKRZV WKHPD[LPXPSUHGLFWHGEROW WHQVLRQV REWDLQHG IURP WKHPRGHOOLQJ IRU HDFKGHVLJQ FRGH DQG D
FRPSDULVRQZLWKWKHWKHRUHWLFDOSUHGLFWLRQ
7DEOH7KHRUHWLFDODQGSUHGLFWHGEROWWHQVLRQV
7DQNKHLJKWP 7KHRUHWLFDOEROW
WHQVLRQN1
3UHGLFWHGEROWWHQVLRQ
$3,0RGHON1
3UHGLFWHGEROWWHQVLRQ$::$
'0RGHON1
   
   
   
   
   
   
   
1RWHWKDWWKHEROWWHQVLRQGRHVQRWLQFOXGHWKHZHLJKWRIWKHWDQNDQGKDVEHHQFDOFXODWHGWRDOLJQZLWKWKHDQFKRUEROWGLVWULEXWLRQ
LQWKHILQLWHHOHPHQWPRGHO

)LJXUHVDQGJUDSKLFDOO\GHSLFWWKHUHVXOWVLQ7DEOHLQFOXGLQJDUDWLRRIWKHSUHGLFWHGWRWKHRUHWLFDOEROWWHQVLRQ
1RWDEO\ WKHSUHGLFWHGEROW WHQVLRQVVLJQLILFDQWO\H[FHHG WKH WKHRUHWLFDOEROW WHQVLRQVZLWK WKHJUHDWHVWGLVFUHSDQF\
VKRZQZLWKDKHLJKWWRGLDPHWHUUDWLRRI
)LJXUHVKRZVWKHPD[LPXPSUHGLFWHGEROWWHQVLRQRQWKHPKLJKWDQNPRGHOZLWKLQFUHDVLQJVHFWLRQPRGXOXV


)LJ&RPSDULVRQRIPD[LPXPWKHRUHWLFDODQGSUHGLFWHGEROWWHQVLRQVXVLQJ$3,UXOHV
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
)LJ&RPSDULVRQRIPD[LPXPWKHRUHWLFDODQGSUHGLFWHGEROWWHQVLRQVXVLQJ$::$'UXOHV


)LJ&RPSDULVRQRIPD[LPXPWKHRUHWLFDODQGSUHGLFWHGEROWWHQVLRQVIRULQFUHDVLQJVHFWLRQPRGXOXV
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'LVFXVVLRQV
7KHILQLWHHOHPHQWPRGHOOLQJSUHGLFWHGEROWWHQVLRQVXSWRWLPHVWKHWKHRUHWLFDOEROWWHQVLRQZLWKWKHJUHDWHVW
GLVFUHSDQF\QRWHGZKHQWKHKHLJKWWRGLDPHWHUUDWLRHTXDOOHG)XUWKHUPRGHOOLQJVKRZHGWKDWHYHQLIWKHVHFWLRQ
PRGXOXVRIWKHZLQGJLUGHUZHUHLQFUHDVHGE\DIDFWRURIWKHPD[LPXPSUHGLFWHGEROWWHQVLRQZRXOGVWLOOUHPDLQ
JUHDWHUWKDQWLPHVWKHWKHRUHWLFDOEROWWHQVLRQ)XUWKHULQWHUURJDWLRQRIWKHILQLWHHOHPHQWPRGHOZDVXQGHUWDNHQWR
LGHQWLI\WKHVRXUFHRIWKHGLVFUHSDQF\$QDQDO\VLVRIWKHDQFKRUEROWORDGVDURXQGWKHPKLJKWDQNVKRZHGWKDWWKH
GLVWULEXWLRQGLGQRWFRQIRUPWRWKHDVVXPHGWKHRUHWLFDOGLVWULEXWLRQ1RWDEO\WKHDQFKRUEROWVRQWKHOHHZDUGVLGHRI
WKHWDQNZHUHSUHGLFWHGWREHSODFHGLQWHQVLRQZKHQWKHRUHWLFDOO\WKLVVLGHRIWKHWDQNVKRXOGEHFRPSUHVVLRQRQO\
7KHXQH[SHFWHGORDGGLVWULEXWLRQZDVDWWULEXWHGWRWKHGHIRUPDWLRQRIWKHWDQNFDXVHGE\WKHFRPSRQHQWRIWKHZLQG
ORDGDFWLQJWRRYDOLVH WKHWDQN$VWKHEDVHRI WKHWDQNLVFRQVWUDLQHG WHQVLOH ORDGVGHYHORSRQWKHZLQGZDUGDQG
OHHZDUGVLGHVRIWKHWDQN7KLVFRQGLWLRQLVUHFRJQLVHGLQ>@DQGLVGLVFXVVHGIXUWKHUE\YDQ.RWHQ>@7ZRVHSDUDWH
PRGHOVRIWKHPKLJKWDQNZHUHGHYHORSHGWRLQYHVWLJDWHWKHHIIHFWRIWKHRYDOLVLQJFRPSRQHQWRIWKHZLQGORDG7R
XQGHUWDNHWKLVLQYHVWLJDWLRQWKHZLQGORDGZDVVHSDUDWHGLQWRWZRPDLQFRPSRQHQWVWKHZLQGORDGFDXVLQJWKHGUDJ
RQWKHWDQNDQGWKHZLQGORDGFDXVLQJRYDOLVLQJ$VGLVFXVVHGLQ>@WKHGUDJFRPSRQHQWRIWKHZLQGORDGLVJLYHQE\
WKHIROORZLQJFRPSRQHQWRIWKHZLQGGLVWULEXWLRQHTXDWLRQ
FRVD bC T   
$QGWKHRYDOLVLQJFRPSRQHQWE\WKHIROORZLQJFRPSRQHQWRIWKHZLQGGLVWULEXWLRQHTXDWLRQ
FRV O bC T   
7KH³´WHUPFDXVHVDQRYHUDOOVXFWLRQDQGVPDOOWHQVLOHIRUFHV7KHRWKHUWHUPVKDYHOLWWOHLQIOXHQFHDOWKRXJK
WKHHIIHFWLYHGUDJFRHIILFLHQWXVLQJHTXDWLRQEHFRPHVDSSUR[LPDWHO\7KHPD[LPXPSUHGLFWHGEROWWHQVLRQIRU
WKLVFDVHLVN1XVLQJWKHVDPHZLQGVSHHGVDVSUHYLRXVO\7KHQHWWVKHDUDQGRYHUWXUQLQJIURPHTXDWLRQLV
QHJOLJLEOH)LJVDQGVKRZWKHGHIRUPDWLRQRIWKHWDQNXQGHUWKHWZRGLIIHUHQWZLQGORDGFRPSRQHQWVZLWK)LJ
FOHDUO\GLVSOD\LQJWKHV\PPHWULFRYDOLVLQJHIIHFW7DEOHSURYLGHVWKHDQFKRUEROWORDGVLQHDFKSRVLWLRQIRUHDFKORDG
FRPSRQHQW DQG WKH FRPELQHG FDVH DQG FRPSDUHV WKLV ZLWK WKH WKHRUHWLFDO SUHGLFWLRQ 7KH UHVXOWV VKRZ WKDW WKH
RYDOLVLQJFRPSRQHQWRIWKHORDGJHQHUDWHVVLJQLILFDQWWHQVLOHORDGVLQWKHDQFKRUEROWVDQGWKHGLVFUHSDQF\EHWZHHQ
WKHILQLWHHOHPHQWPRGHOV)LJVDQGDQGWKHWKHRUHWLFDOSUHGLFWLRQVFDQEHDWWULEXWHGWRWKLVFRPSRQHQWRIWKH
ZLQGORDG
7DEOH3UHGLFWHGEROWWHQVLRQFRPSRQHQWVYHUVXVWKHRUHWLFDO
$QJOHWRZLQGGLUHFWLRQ
3UHGLFWHGEROWWHQVLRQFRPSRQHQWV 7KHRUHWLFDOEROWWHQVLRQN1
'UDJN1 2YDOOLQJN1
   
   
   
   
   
   
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)LJ7DQNGHIRUPDWLRQXQGHUGUDJFRPSRQHQWRIZLQGORDG

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)LJ7DQNGHIRUPDWLRQXQGHURYDOOLQJFRPSRQHQWRIZLQGORDG
&,&,1'>@JLYHVWKHIROORZLQJVLPSOHIRUPXODIRUWKHLQFUHDVHLQORQJLWXGLQDOWHQVLOHVWUHVVLQFKLPQH\VGXHWR
WKHRYDOLVLQJFRPSRQHQWRIWKHORDG
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+RZHYHULIHTXDWLRQZHUHDSSOLHGWRWKHWDQNVPRGHOOHGLQWKLVSDSHUWKHQWKHLQFUHDVHLQSUHGLFWHGWHQVLOH
EROWORDGVZRXOGEHPDQ\WLPHVJUHDWHUWKDQWKDWFDOFXODWHG7KHUHIRUHLWLVQRWGHHPHGWREHDSUDFWLFDOPHDVXUHIRU
FDOFXODWLQJWKHLQFUHDVHLQDQFKRUEROWWHQVLOHORDGVGXHWRRYDOLVLQJ,QWKHFDVHZKHUHWKHDVSHFWUDWLRRIWKHFKLPQH\
OU>@UHFRPPHQGVVKHOO WKHRU\LVXVHG7KLVLVGHHPHGWREHDVHQVLEOHDSSURDFKDQGLVUHFRPPHQGHGIRU
RSHQWRSWDQNVDQGVLPLODUVWUXFWXUHV
7KHUHYLHZVKRZHGWKDWLQFUHDVLQJWKHVL]HRIWKHVHFWLRQPRGXOXVUHGXFHVWKHGLVFUHSDQF\EHWZHHQWKHSUHGLFWHG
DQG WKHRUHWLFDO YDOXHV EXW WKLV GLVFUHSDQF\ UHPDLQV ODUJH (YHQ DIWHU WKH VHFWLRQPRGXOXV RI WKHZLQG JLUGHU LV
LQFUHDVHGE\D IDFWRURI WKHSUHGLFWHGDQFKRUEROW WHQVLRQVUHPDLQDSSUR[LPDWHO\ WLPHV WKH WKHRUHWLFDOYDOXH
,QFUHDVHVLQZLQGJLUGHUVL]HEH\RQGWKLVDUHGHHPHGLPSUDFWLFDOXQOHVVWKHJLUGHUFDQEHXVHGIRUDQRWKHUSXUSRVH
VXFKDVDZDONZD\+HQFH WKHUHFRPPHQGHGDSSURDFK LV WRVHOHFWDZLQGJLUGHUSHU WKHFRGHIRUSUHYHQWLRQRI
EXFNOLQJDQGGHVLJQWKHDQFKRUDJHZLWKDQDFNQRZOHGJHPHQWRIWKHIDFWWKDWWKHEROWWHQVLRQVDUHOLNHO\WREHKLJKHU
WKDQWKHWKHRUHWLFDOO\FDOFXODWHGYDOXHV
7KHUHYLHZKDVFRQVLGHUHGERWK$3,DQG$::$'DQGGHVSLWH WKHIDFW WKDWERWKFRGHVXVHGWKHVDPH
GHULYDWLRQIRUWKHVL]HRIWKHVHFWLRQPRGXOXVWKHVL]HVUHTXLUHGIRU$::$'DUHODUJHU7KHGLVFUHSDQF\FDQEH
DWWULEXWHGWRWKHIDFWWKDWWKHGHULYDWLRQRIWKHIRUPXODDVVXPHGWKDWDPSKZLQGJHQHUDWHVDSUHVVXUHRISVIRQ
WKHSURMHFWHGDUHDRIDF\OLQGHUIRUDGUDJFRHIILFLHQWRIZKHQWKHSUHVVXUHLVFORVHUWRSVI7KH$3,IRUPXOD
IDFWRUVWKHVHFWLRQPRGXOXVDFFRUGLQJWRWKHVTXDUHRIWKHDFWXDOZLQGVSHHGRYHUDQRPLQDOZLQGVSHHGZKHUHDVWKH
$::$ IRUPXOD UHTXLUHV WKH GHVLJQHU WR FDOFXODWH WKH ZLQG SUHVVXUH HDFK WLPH $V D UHVXOW WKH ZLQG SUHVVXUH
FDOFXODWHG DFFRUGLQJ WR $::$ LV DSSUR[LPDWHO\  WLPHV KLJKHU WKDQ WKH IRUPXOD RULJLQDOO\ DVVXPHG DQG
WKHUHIRUHWKHVHFWLRQPRGXOXVUHTXLUHGLVDOVRJUHDWHUE\WKHVDPHIDFWRU
&RQFOXVLRQV
7KHSUHGLFWHGPD[LPXPDQFKRUEROWWHQVLRQRQRSHQWRSWDQNVGHVLJQHGWRUHFRJQLVHGFRGHVZDVXSWLPHVWKH
WKHRUHWLFDOYDOXH7KHDQDO\VLVGHPRQVWUDWHGWKDWGHVSLWHWKHIDFWWKHWDQNVFRQIRUPHGWRWKHUHTXLUHPHQWVRIWKHFRGHV
ZLWKUHVSHFWWRVWLIIHQLQJWKH\GLGQRWEHKDYHULJLGO\DQGKHQFHWKHXQGHUO\LQJDVVXPSWLRQIRUWKHFDOFXODWLRQRIWKH
KROGGRZQORDGVLVLQYDOLG
$QDQDO\VLVRIDWDQNVXEMHFWWRGLIIHUHQWFRPSRQHQWVRIWKHZLQGORDGGHPRQVWUDWHGWKDWWKHRYDOLVLQJFRPSRQHQW
LQGXFHVVLJQLILFDQW WHQVLOH ORDGVLQ WKHDQFKRUEROWVDQGWKHUHIRUHFDQQRWEHLJQRUHG,W LVUHFRPPHQGHGWKDWVKHOO
WKHRU\RU ILQLWHHOHPHQWDQDO\VLV LVXVHG WRFDOFXODWH WKHGHVLJQRIDQFKRUDJHRIRSHQWRS WDQNVDQGRWKHUIOH[LEOH
VWUXFWXUHV$OWHUQDWLYHO\WKHWDQNVKHOODQGLQSDUWLFXODUWKHWRSRIWKHWDQNPD\EHVWLIIHQHGWREHWWHUUHSUHVHQWD
ULJLGVWUXFWXUHDOEHLWWKLVZLOOKDYHDSUDFWLFDOOLPLWDQGVKRUWRIFRYHULQJWKHWDQNZLWKDURRIWKHDQFKRUDJHPD\VWLOO
QHHGWREHGHVLJQHGIRUKLJKHUORDGVWKDQFDOFXODWHGXVLQJWKHEDVLFIRUPXODHHTXDWLRQ
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